###### Strengths and limitations of this study

-   Our access to seven consecutive years of cross-sectional data obtained during a period of considerable policy activity allowed examination of how adolescents' tobacco sources changed in response to policy interventions.

-   The data illustrate how tobacco supply sources vary by socioeconomic status and ethnicity and suggest continued excise tax increases may play an important role in reducing supply from parents, caregivers and older siblings.

-   The small proportion of adolescents that reported accessing tobacco from commercial sources highlights the potential stronger denormalisation measures could have for deterring the social supply of tobacco.

-   Changes in the question response categories may have altered the response distributions in 2011 and 2012, but this seems unlikely to explain the significant changes in the patterns of source of supply.

-   The questionnaire did not ask respondents about all the sources they used to access tobacco but instead examined their *main* source only. However, given the importance of friends as a supply source, it seems unlikely the overall patterns would change greatly had a multiple response question been used.

Introduction {#s1}
============

Despite their avowals to the contrary, tobacco companies have always had a strong interest in youth smoking for the simple reason that, over the long term, young people offer them the greatest potential profit.[@R1] [@R2] The age at which adolescents begin smoking influences their progress to nicotine dependence and the number of years they will smoke,[@R3] the number of cigarettes they will smoke each day as adults,[@R4] their likelihood of quitting[@R5] and the chances they will die prematurely from a smoking-related illness.[@R6] As preventing smoking initiation among youth eliminates the myriad health risks they would face as adult smokers, many countries have implemented policies to deter youth smoking initiation.

Findings that youth have historically found it easy to purchase tobacco products has prompted policymakers to restrict access to retail tobacco sources by prohibiting sales to minors.[@R7] [@R8] Reported purchasing from commercial sources has declined following the introduction of these restrictions,[@R9] [@R10] although widespread reductions in youth smoking prevalence have not always resulted.[@R11]

Some researchers maintain that comprehensive youth access restrictions have directly reduced smoking prevalence and recommend more rigorous compliance checks and stricter penalties for transgressors to reduce smoking initiation further.[@R14] [@R15] However, others demur and offer alternative views. Among the latter, one school suggests access restrictions create and reinforce perceptions that tobacco is difficult to obtain; these, in turn, denormalise smoking by reducing its perceived acceptability and prevalence.[@R16] As commercial access to tobacco is a strong predictor of whether a young person would supply tobacco to others,[@R17] [@R18] youth access restrictions appear likely to reduce young people\'s ability to supply others.

Yet others argue that retail access restrictions are insufficiently comprehensive to have had a sustained or marked effect on behaviour, and claim investment in other tobacco control measures would provide better returns.[@R13] [@R19] As enforcement must reach a high threshold before it is effective,[@R1] [@R20] this school of thought recommends interventions that target the entire population.[@R11]

Debate over youth access restrictions is also complicated by the evaluation measures used to assess retailer compliance, which often do not replicate the strategies young people employ to obtain tobacco from commercial sources.[@R11] [@R22] [@R23] Further, the tobacco industry\'s support for youth access restrictions suggests these measures may have little effect on smoking prevalence[@R13] [@R20] and, ironically, may deflect attention from the industry\'s deceptive behaviours.[@R1] [@R2]

Overall, youth access restrictions appear to reduce prevalence directly only when very high levels of compliance are achieved,[@R21] and continued focus on this measure may overlook the role social sources play in maintaining tobacco supply to young people.[@R7] [@R12] [@R24] Peers, family and even strangers are important sources of tobacco for young experimental smokers.[@R23] [@R27] [@R28] Commercial supply does become more important as nicotine addiction develops and smoking frequency increases,[@R23] [@R29] [@R30] but friends and peers remain the key supply routes adolescents use to procure tobacco,[@R10] [@R31] even as their smoking frequency increases and they require more diverse sources to satisfy their growing addiction.[@R17] [@R23] [@R29] [@R32]

Social supply not only influences smoking initiation, experimentation and progression to regular smoking, but may also be the main source of tobacco among early adolescent smokers.[@R25] [@R26] [@R32] This evidence has stimulated interest in how social supply functions, which sources are most important and whether source importance varies as other elements of the policy environment change.[@R32] For example, we currently know little about whether or how supply routes vary following excise tax increases, which may raise commercial supply barriers (particularly for young smokers with limited income) and promote more diverse tobacco access strategies.

New Zealand\'s innovative tobacco policy environment makes it a salient setting to investigate how youth source tobacco and whether access strategies have changed over time. Youth smoking prevalence in New Zealand has fallen consistently in recent years; in 2006, 14.2% of 14 and 15-year-olds smoked regularly while only 7.7% reported doing so in 2012; and daily smoking halved from 8.2% in 2006 to 4.1% in 2012. Nevertheless, even in 2012, 17.3% of 14 and 15-year-olds reported experimenting with tobacco.[@R33]

Our analysis examines trends in tobacco supply sources in New Zealand from 2006 to 2012, a period of considerable policy activity. Developments included the introduction of pictorial warning labels in 2008, a tax increase of 10% on factory made cigarettes and 24% on loose leaf tobacco in April 2010, followed by further increases of 10% on 1 January 2011 and then again on 1 January 2012. In addition, in March 2011 the government announced a goal that New Zealand would become a smoke-free nation by 2025 (where smoking prevalence falls below 5%).[@R34] These changes may have altered the acceptability and cost of accessing tobacco, leading adolescents to evolve access strategies that could counter efforts to reduce youth initiation. To assess this question, we examined how trends in adolescents' tobacco supply sources varied over the period 2006--2012.

Methods {#s2}
=======

Sample {#s2a}
------

The data came from an annual survey of Year 10 students (14 and15-year-olds) undertaken by Action on Smoking and Health (ASH) New Zealand and funded by the New Zealand Ministry of Health. All New Zealand schools teaching Year 10 students are invited to participate in the survey; those consenting provide the survey to all their Year 10 students and those who agree to participate complete a two-page questionnaire during class time under the supervision of teaching staff. Since 2006 (the first year of our analysis), school-level participation rates have ranged between 44% and 58% and more than 25 000 students have responded to the survey in each year. The results presented draw on the subsample who reported smoking when surveyed.

The demographic characteristics of the returned sample remained fairly stable between 2006 and 2010, when the survey was fielded in the second half of the year. However, in 2011 and 2012 the survey was fielded earlier in the school year, thus a lower proportion of students had turned 15 prior to completing the questionnaire. Comparison of sample characteristics with those of the Year 10 population available from the New Zealand Ministry of Education also shows some systematic over-response by New Zealand Europeans and under-response by those in lower socioeconomic status (SES) groups. Consequently, the data were weighted by age, ethnicity and school SES to remove these influences from trend analyses (see Healey *et al*[@R35] for a full account of survey response rates and sample demographic characteristics). In 2012, the data collection occurred while legislation banning display of tobacco products in retail stores was taking effect (July 2012).

Measures {#s2b}
--------

The ASH questionnaire incorporates and extends some key measures from the international Global Youth Tobacco Survey relating to smoking and cessation behaviour, susceptibility and exposure to second-hand smoke. It collects standard demographic data (age, gender and ethnicity), the smoking status of family and friends and attitudes towards specific tobacco control issues. Although a portion of questions change from year to year, a core set of questions about smoking behaviour have remained consistent to enable monitoring of trends over time.

The core variable examined here---supply of cigarettes---was collected using the following question: *During the past 30 days (1 month) how did you* ***usually get****your own cigarettes?* From 2006 to 2010 four response options were provided: I bought them from a shop;I got them from friends;I got them from my parents or caregivers;I got them some other way.

In 2011 and 2012, the question remained unchanged but the response categories were expanded to the following: I bought them from a shop;I bought them from a vending machine;I bought them from a friend/friends or person my age;A friend/friends or person my age gave them to me;A parent or caregiver gave them to me;I took them from a parent or caregiver without asking;I got them from an older brother or sister;I got them some other way.

For the purposes of trend analyses, we combined purchases from a shop and vending machine, purchases and gifts from friends, and receiving or taking cigarettes from parents or caregivers, and included cigarettes received from an older sibling with obtaining tobacco some other way. This process created approximately comparable categories for 2011 and 2012 to those used from 2006 to 2010. We note also that the options involving friends were modified to *friends or person my age* (rather than just *friends*) in 2011--2012, and discuss the implications of this and other question wording changes later.

Analyses {#s2c}
--------

All analyses were performed using SAS V.9.3 or SPSS V.21 software. Significance tests were two-sided, with p\<0.05 considered statistically significant unless otherwise stated. In addition to weighting estimates by ethnicity and school SES indicator, confidence limits and significance levels were adjusted for clustering at the school level. The data were as outlined above.

Results {#s3}
=======

Sample characteristics {#s3a}
----------------------

We categorised smokers (defined as smoking at least monthly) as either 'regular'---those who reported smoking daily or weekly---or 'intermittent'---those who reported smoking less than weekly---to create a dichotomous 'smoker status' variable. [Table 1](#BMJOPEN2013004631TB1){ref-type="table"} contains details of smokers' characteristics across all survey years.

###### 

Smokers' characteristics (2006--2012)

  -----------------------------------------------------------------------------
  Characteristics                 Smoker status\*   χ^2^\              
                                                    Significant at p   
  ------------------------------- ----------------- ------------------ --------
  Age                                                                  

   15 (n=3553)                    21.8              78.2               \<0.05

   14 (n=5680)                    19.8              80.2               

  Gender                                                               

   Female (n=4596)                22.8              77.2               \<0.01

   Male (n=4636)                  18.3              81.7               

  Ethnicity                                                            

   Māori (n=3774)                 27.5              72.5               \<0.01

   Pacific (n=1224)               18.7              81.3               

   European (n=3629)              15.4              84.6               

   Other (n=231)                  12.1              87.9               

   Asian (n=374)                  11.8              88.2               

  School-based SES                                                     

   Low: decile 1--3 (n=2646)      26.8              73.2               \<0.01

   Medium: decile 4--7 (n=4157)   19.7              80.3               

   High: decile 8--10 (n=2428)    15.2              84.8               
  -----------------------------------------------------------------------------

\*Data weighted by age, ethnicity and school socioeconomic status (SES) indicator.

Regular smokers were more likely to be older and woman; however, the largest differences are between ethnicities and SES. The proportion of Māori (the indigenous people of New Zealand) who were regular smokers was 12 percentage points higher than for Europeans (and 15 percentage points higher than for Asians), a higher proportion of Pacific respondents were also regular smokers. These patterns are reflected in the SES findings; predictably, respondents with medium SES or low SES were more likely to be regular smokers than those with high SES; this difference is particularly marked for those with low SES.

Trends in source of supply {#s3b}
--------------------------

Between 2006 and 2012 smoking prevalence among young people declined by 8.1% (the linear trend coefficient was −0.74; 95% CI −1.03 to −0.45, significant p\<0.01), consequently 14--15-year-olds sourced less tobacco from all sources over this period. Our analyses examine whether and how the importance of different sources changed among smokers as prevalence declined. [Figure 1](#BMJOPEN2013004631F1){ref-type="fig"} shows the trends in sources of supply from 2006 to 2012. The trend line dummy variables representing 2011--2012 compared to 2006--2010 are significant at p\<0.01 for 'friends' and 'caregivers', and at p\<0.05 for 'others', but non-significant for 'shop'.

![Trends in source of supply: 2006--2012. Note: friends: bought from or given to by friends/peers; from 2011 friends/peers my age. Caregivers: given to by parents/caregivers, took from parents/caregivers without asking. Shop: bought from shop or vending machine. Other: other source or got from older siblings.](bmjopen2013004631f01){#BMJOPEN2013004631F1}

Between 2006 and 2010, the supply source pattern did not change greatly. However, in 2011 the importance of friends as a source of supply decreased significantly (friends still accounted for nearly half of the reported supply), while the proportion of young people reporting they obtained tobacco from caregivers and other sources increased significantly. This pattern continued in 2012, though more data points are required to assess whether this is the start of a long-term downward trend or whether the supply sources have settled at new levels.

Determinants of supply source {#s3c}
-----------------------------

To examine the determinants of social supply further, we developed binary logistic regression models using data from the 2012 survey (the latest available year with all response options) to examine whether sources varied by respondents' demographic attributes and smoking behaviour.

The dependent variables were dichotomous (0, 1) variables representing the particular source of supply. The independent variables included current smoking status (ie, intermittent or regular smoker) and demographic characteristics that are associated with smoking prevalence: age, gender, SES (of the school the student attended, determined by its decile rating) and ethnicity. In addition, because we suspected an interaction between ethnicity and gender and source of supply, an ethnicity × gender interaction term was also included as an independent variable.

The logistic regression models were developed by systematically excluding non-significant variables until only significant variables remained. The ORs from these regression models are reported in [table 2](#BMJOPEN2013004631TB2){ref-type="table"}.

###### 

Significant ORs for logistic regression analyses of main tobacco supply sources

  Attributes              OR (95% CI) for each main tobacco supply source                                                                                                                                     
  ----------------------- ------------------------------------------------- ------------------------- ------------------------- ------------------------- ------------------------- ------------------------- -------------------------
  Smoker status                                                                                                                                                                                               
   Intermittent smoker    1.00                                                                        1.00                      1.00                      1.00                                                
   Regular smoker         4.62\*\* (3.48 to 6.14)                                                     0.29\*\* (0.24 to 0.34)   3.03\*\* (2.12 to 4.32)   0.55\*\* (0.42 to 0.72)                             
  Age                                                                                                                                                                                                         
   14                     1.00                                                                        1.00                      1.00                                                                          
   15                     1.42\*\* (1.12 to 1.81)                                                     0.74\*\* (0.63 to 0.87)   1.54\*\* (1.14 to 2.07)                                                       
  Gender                                                                                                                                                                                                      
   Male                   1.00                                              1.00                      1.00                                                                                                    1.00
   Female                 0.62\* (0.40 to 0.94)                             0.58\*\* (0.43 to 0.78)   1.48\*\* (1.25 to 1.74)                                                                                 0.75\*\* (0.32 to 0.90)
  Socioeconomic status†                                                                                                                                                                                       
   Medium                 0.57\*\* (0.39 to 0.83)                                                                                                                                                             
   Low                                                                                                0.69\*\* (0.57 to 0.83)                                                                                 
  Ethnicity†                                                                                                                                                                                                  
   Māori                                                                                              0.69\*\* (0.57 to 0.82)                                                                                 
  Gender×ethnicity†                                                                                                                                                                                           
   Female Māori                                                             1.44\* (1.01 to 2.06)                               1.99\*\* (1.45 to 2.73)                                                       
   Female Pacific         0.50\* (0.27 to 0.91)                             2.97\*\* (1.90 to 4.64)                                                                                 1.77\*\* (1.20 to 2.64)   

\*Coefficient significant at p\<0.05; \*\*coefficient significant at p\<0.01.

†Reference category is the omitted categories in each case.

Regular smokers were significantly more likely than intermittent smokers to report having either purchased tobacco or received it from their parents, but less likely to have been given it by friends or taken it from their parents (in 2012, 20.5% of regular smokers got their cigarettes from a shop or vending machine, 12.5% were given them by their parents or caregivers, 18.1% were given them by their friends and 6.2% took them from their parents; compared with 5.2%, 3.7%, 44.8% and 10%, respectively, for intermittent smokers). The analyses by age mirror these results and show that 15-year-old smokers were more likely than 14-year-olds to have bought tobacco from a store or been given it by their parents, and less likely to have been given it by friends.

Men and women differed in their supply sources; men were more likely to have purchased tobacco, either from friends or commercial sources, while women were more likely to have been given tobacco by friends, but less likely to obtain it from other sources. Mid-SES respondents were significantly less likely to have purchased tobacco from a store and low-SES respondents were significantly less likely to have been given tobacco by friends.

Māori students were less likely than other students to report being given tobacco by friends, but there were several significant interactions between ethnicity and main tobacco supply sources. These interactions are more easily seen and understood in the cross-tabulations reported in [table 3](#BMJOPEN2013004631TB3){ref-type="table"}. Pacific females were between 50% and 100% more likely than any other gender-ethnicity group to report purchasing tobacco from friends or peers. Māori female respondents were more than twice as likely as other female respondents to have been given cigarettes by their parents or caregiver, while Pacific females were about 50% more likely to have been given cigarettes by an older sibling. Overall, 'trading' (buying cigarettes from friends) and older siblings are key supply routes for Pacific females while parents and caregivers are an important source for Māori females.

###### 

Source of supply in 2012 by gender and ethnicity

  Source of supply                 Percentage of identifying source as most frequently used   χ^2^ Significant at p                                   
  -------------------------------- ---------------------------------------------------------- ----------------------- ------- ------- ------- ------- --------
  Given to by peers/friends        36.1                                                       24.2                    30.2    47.6    33.1    36.8    \<0.05
  Bought from peers/friends        10.8                                                       12.9                    13.7    7.1     11.1    19.6    \<0.01
  Bought from shop/machine**\***   11.8                                                       15.7                    15.6    7.9     8.0     4.5     NS
  Given to by parents              5.9                                                        5.9                     5.3     4.3     12.3    3.8     \<0.01
  Took from parents                8.4                                                        10.4                    6.5     9.8     7.7     6.9     NS
  Given to by older siblings       6.4                                                        4.7                     6.9     5.7     7.5     10.7    \<0.01
  Other                            20.6                                                       26.2                    21.8    17.6    20.3    17.7    NS
  Total                            100.0                                                      100.0                   100.0   100.0   100.0   100.0   

\*Only 1% of cigarette purchases were made from a vending machine.

NS, not significant.

Discussion {#s4}
==========

We explored whether adolescent smokers' tobacco sources changed over a 7-year period that encompassed several policy changes, particularly between 2010 and 2012. During this period, smoking prevalence declined significantly, meaning fewer adolescents sourced cigarettes via either commercial or social routes. Examining whether and how patterns in supply varied as the policy environment changed provides insights into the measures required to reduce further youth smoking prevalence.

Irrespective of whether they were regular or intermittent smokers, and regardless of their demographic attributes, New Zealand adolescents who smoke obtain tobacco from friends more than any other source. This finding is consistent with international literature and earlier New Zealand-based research, highlighting the role of peers in supplying tobacco to experimental smokers.[@R8] [@R17] [@R30] While friends remained the primary source of tobacco, they declined in relative importance following excise tax increases in New Zealand from 2010 onwards, while parents and caregivers became relatively more important. We cannot establish causality from these cross-sectional data; however, the more rapid declines in reported smoking from 2010 onwards have two implications. First, reducing social supply from friends may have contributed to the declines observed in smoking prevalence; second, as smoking prevalence decreases in response to other policy measures, fewer adolescents smoke and can act as supply sources for others.

As experimental smokers evolve into more regular smokers and age just 1 year (from 14 to 15), they become significantly more likely to report purchasing tobacco from stores. Future work could explore whether, as international studies suggest, New Zealand adolescents meet their growing need for nicotine by cultivating willing retailers who are less likely to require them to provide ID before making tobacco sales.[@R1] [@R28]

Evidence of complicit retailers could have two potential policy implications that merit further analysis. First, it may imply a need for stricter enforcement of youth access restrictions.[@R14] However, we suggest benefits of more intensive monitoring are likely to be less than those gained from comprehensive endgame restrictions on tobacco availability. Discussion of tobacco endgames has increased rapidly over the past 5 years[@R36]; several countries, including New Zealand, have established dates by which governments aim to have created essentially smoke-free nations (ie, where smoking prevalence is negligible).[@R37] [@R38] Endgame strategies vary and range from excise tax increases[@R39] through to more stringent supply regulations.[@R40] The latter option may have a greater impact on social supply to youth,[@R27] [@R40] and would increase smoking denormalisation.[@R40] For example, having fewer tobacco retailers, restricting youth access to these outlets and not allowing stores located near schools to sell tobacco, would reinforce perceptions of tobacco as an abnormal product and make it more difficult for adolescents or their proxies to obtain.[@R40] These measures could also impede development of 'black markets' where adolescents on-sell tobacco to others.[@R25] Given that trading in cigarettes is particularly important for Pacific females, reductions in this source could also help ameliorate wider health inequalities, at least in New Zealand.

A retail denormalisation strategy also appears more likely than increased monitoring to prompt cessation among adolescents' families, thus diminishing their potential to supply tobacco to older adolescents and those smoking regularly. More generally, denormalisation could contribute to other environmental changes likely to reduce adolescents' exposure to smoking and their risk of smoking initiation. For example, a denormalisation strategy could reinforce existing messages about the undesirability of smoking around children and exposing them to tobacco products, and by increasing public awareness of and support for New Zealand\'s smoke-free 2025 goal, make supplying children with tobacco increasingly unacceptable. This approach could be particularly beneficial to female Māori and Pacific adolescents, who are more likely to receive tobacco from caregivers or older siblings. In addition, regular and larger excise tax increases would heighten the economic burden of supplying tobacco to others and make it a less easily gifted product.[@R22]

More generally, denormalisation strategies that reduce the appeal, availability and accessibility of tobacco have had population-wide effects that influence adolescents.[@R22]

Perceptions that tobacco is difficult to access and consume are associated with reduced smoking experimentation[@R16] and decreased opportunities for social exchange.[@R17] These findings suggest comprehensive measures that decreased social acceptability of smoking and reduced adult smoking prevalence could foster reductions in adolescent smoking, and merit further investigation.[@R12] [@R17] [@R29]

Our study has some limitations, particularly the changes in question response categories noted, which mean it is possible the observed changes in sources of supply reflect differences in the survey question rather than changes in respondents' behaviour. However, we note that the question wording changes were relatively minor and that an unchanged survey question suggests respondents' smoking behaviour did change in 2011. Between 1999 and 2010 the prevalence of current smoking among 14--15 year-olds declined steadily by 0.8% a year; however, in 2011 the rate of decline increased to 3.4%, four times the previous rate.[@R33] This difference is significant at the 10% level (the coefficient for the trend-line dummy variable representing 2011--2012 compared with 1999--2010 was −2.96; (5% CI −6.31 to 0.39, significant at p\<0.10). Thus it seems reasonable to assume that smoking prevalence and source of supply changed in 2011, and that these changes were related to other influences, such as price.

The questions used ask smokers about their usual source of tobacco, not all their supply sources. While the overall patterns observed are consistent with international findings, further data are required to estimate whether new trends are evolving in relation to friends, parents and caregivers. Furthermore, the ASH surveys did not explore 'other' sources, though the research literature identifies willing strangers (particularly those who were themselves adolescent smokers) as important supply sources.[@R28] [@R29] Future research could examine sources beyond peers, parents and immediate siblings in greater detail, since this ambiguous route is second in importance only to friends. Further studies could also explore population density effects, although the consistently low proportions reporting purchase from retail outlets suggests this variable has declined in importance.

Our results raise the opportunity to examine how endgame measures that promote reductions in adult and peer smoking could affect overall youth smoking prevalence. More specifically, we suggest future research could estimate the likely effects of additional supply-side restrictions that make tobacco more difficult to obtain commercially and more burdensome to supply socially. Although we did not directly examine the effectiveness of youth access restrictions, evidence that around 10% of respondents consistently reported making tobacco purchases from stores suggests implementation remains imperfect. The limited opportunities for further benefit to come from additional monitoring raises the question of whether reducing the number of outlets supplying tobacco could have more potential to decrease commercial supply. Retail endgame measures such as limiting tobacco retailer numbers would also refocus attention back onto the tobacco industry, which arguably benefits from current youth access policies.[@R1] [@R13] [@R16] [@R40]

Conclusions {#s5}
===========

Reducing smoking experimentation and subsequent uptake among adolescents is crucial to realisation of tobacco endgame strategies and requires reductions in tobacco supply. Since adolescents' friends and peers remain a consistently important source of tobacco, policymakers need to reduce the ease with which young people acquire and supply tobacco. Potential measures that merit more scrutiny include restricting the number of tobacco outlets and implementing regular and larger excise tax increases, both of which would make it more difficult for young people to afford, access and supply tobacco. Denormalisation campaigns that further reduce the social acceptability of smoking may also make young people less likely to consume tobacco. New Zealand\'s goal of being a smoke-free nation by 2025 offers a unique opportunity to introduce and evaluate progressive policies that comprehensively reduce the accessibility and increase the costs of buying tobacco.
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